We measure the effect of the environment on the intrinsic shapes of spiral and elliptical galaxies by finding the 3D shape distribution and dust extinction that fits better the projected shape of galaxies in different environment. We find that spiral galaxies in groups are very similar to field spirals with similar intrinsic properties (magnitudes, sizes and colours). But for spirals in groups, those in denser environments or closer to the centre of the group tend to have a more circular disc than similar galaxies in less dense environments or far from the group centres. Also we find that central spiral galaxies in their groups tend to be thinner than other similar spirals.
INTRODUCTION
It is well known that the environment has observable effects on the galaxies, either on the star formation history (Balogh et al. 2001; Kauffmann et al. 2004) , gas content (Cortese et al. 2011; Yoon & Rosenberg 2015) , morphology (Oemler 1974; Dressler 1980) , structure (Toomre & Toomre 1972; Hendel & Johnston 2015) , etc. The location of a galaxy regarding large scale structure plays an undeniable role in his development.
The study of galaxy shapes can shed light about their dynamics (Davies et al. 1983; Binney 1985) , and also bring information on their formation history (Sandage et al. 1970) . Also, the knowledge of the realistic distribution of galaxy shapes can help to test both semi-analytic and hydrodynamical simulated galaxy formation models. Besides, the agreement between the shape distribution of simulated and real galaxies serves as a further test of the models. In particular, it is important to study the dependence of the shape of galaxies on environment if we aim at fully understanding the processes that drive the formation and dynamics of the stellar content in galaxies.
The effects of the environment on the morphology of a galaxy were first pointed out by Dressler (1980) . He found E-mail:sirodrig@uc.cl that there is a clear relation between the local density and the morphological type. As the local density increases, the abundance of spirals decreases and that of ellipticals and S0 increases. He also found that for ellipticals the luminosity tends to increase with the local density.
More recently, Kuehn & Ryden (2005) concentrated on the possible impact of the environment on the shape of galaxies. They found that galaxies with exponential luminosity profiles tend to be flatter in high density environments and that galaxies with a de Vaucouleurs luminosity profile with similar magnitudes tend to be rounder in high density environments, but Kuehn & Ryden only used the projected shape (b/a) to perform their analysis, and they did not restrict their samples to the same intrinsic properties.
The intrinsic shape of galaxies has been analysed in many works (Sandage et al. 1970; Lambas et al. 1992; Andersen et al. 2001, etc) , one of the most recent is Rodríguez & Padilla (2013, hereafter RP13) , a work that extended the analysis made by Padilla & Strauss (2008) using data from Sloan Digital Sky Survey (SDSS) Data Release 8 (Aihara et al. 2011) and Galaxy Zoo 1 (Lintott et al. 2011) . RP13 take into account the parametrizations of galaxy shapes in Shen et al. (2010) .
The goal of this work is to extend the work in RP13 with environmental information, that is, to determine if the distribution of intrinsic shapes of the galaxies depends on the environment of the galaxies. A priori, it would be expected to find galaxies with more spherical shapes in denser environments, specially in the case of ellipticals. For spirals we could expect a similar effect although late types are significantly less frequent in denser, environments so our data could not exhibit a significant trend.
RP13 models the distribution of γ ≡ C/A and ≡ 1 − B/A, where A, B and C are the intrinsic minor, medium and major axis of a galaxy, respectively, for samples of spirals, ellipticals and sub-samples selected by magnitude, size and colour. They use the γ and distribution, along with the dimming of the magnitude in edge-on galaxies due to dust (E0) to fit the observed b/a distribution, where b and a are the observed minor and major axis of a galaxy. The relation between γ and and b/a is the same given in Binney (1985) .
E0 is used to model the distribution of the polar inclination angle θ in the sample of spirals (in ellipticals they assume E0 = 0, that is, a flat cos θ distribution), due to the fact that, in a flux limited sample, the number of edgeon galaxies detected is smaller than the number of face-on galaxies due to the dust obscuration. The value of E0 is obtained from the difference in the luminosity function of the edge-on and face-on samples. The galaxies that belong to each sample are chosen according to the b/a value.
To model γ and , RP13 use two different types of parametrization. In the case of "Type n" they parametrize the γ distribution as the sum of 10 Gaussians, with dispersion 0.08 and centres running from 0.1 to 0.82, with steps of 0.08, varying the number of galaxies in each Gaussian to change the shape of the distribution. The distribution is parametrized as the sum of the positive side of 10 Gaussians (each one weighted by its own dispersions, see Rodríguez & Padilla 2014 ) centred in 0, with dispersions running from 0.02 to 0.2 with steps of 0.02. In the case of "Type r" they also parametrize γ as the sum of 10 Gaussians with dispersion of 0.08, but the centres run from 0.04 to 0.4 with steps of 0.04. The distribution is parametrized as a log-normal distribution, with variable centre and dispersion. The subsamples of ellipticals are well fitted with the parametrization type n; in the case of spirals it depends on each sub-sample. In particular, the total sample of spirals is well fitted with type r. This is the parametrization we will adopt in this letter.
This work is organized as follows. In §2 we describe the sample used in this work and how we select the sub-samples with different environment. In §3 we show the main results obtained for the shapes of these different sub-samples. In §4 we summarize and discuss our main results.
SAMPLE
RP13 use a sample obtained from SDSS DR8 (Aihara et al. 2011 ) with morphological information from Galaxy Zoo (Lintott et al. 2008; Lintott et al. 2011 ) with cuts in magnitude and redshift. To obtain environmental information, we extend the group catalogue from Zapata et al. (2009) to the SDSS DR8. Zapata et al. (2009) used a Friend-of-Friends algorithm applied to SDSS DR6 (Adelman-McCarthy et al. 2008 ) to find galaxy groups and also determine their properties (see also Padilla et al. 2010) . We add this group information to the RP13 sample for this letter work. In the process we added a more stringent cut in redshift (including only galaxies out to z < 0.1) to avoid incompleteness of the sample, due to the fact that above this redshift the group sample only includes the most massive ones.
We study different options to produce subsamples and keep those that show different b/a distributions 1 . The final sub-samples are composed by galaxies in groups and in the field. Additionally, galaxies in groups are separated between centrals and satellites, where a galaxy is considered a central if it is the brightest galaxy in the group, and satellite otherwise 2 , by r/rvir, the distance from a galaxy to the centre of mass of the group in units of the virial radius, by M/M , the virial mass of the group, and by Σ5, the projected density to the fifth nearest neighbour of the galaxy. We also construct a sample adding the field and satellite samples together.
For the galaxies separated using discrete parameters (group or field, satellite or central) we assign galaxies to each sample so that the medians of the intrinsic properties used by RP13 (magnitude, colour an physical size) are similar between the samples that we are comparing. That is, the medians in intrinsic properties are similar between spiral group and spiral field galaxies, between centrals, satellites and satellite+field spirals. And the same for ellipticals. Table 1 shows the medians of intrinsic characteristics of each sample. Fig. 1 shows the resulting distributions of b/a for the selected sub-samples, separated between spirals and ellipticals using their Galaxy ZOO morphologies.
For galaxies selected by continuous parameters we take a different approach than for the other samples (where we cut the samples until their intrinsic properties are similar). We take the group sample without cuts, we separate in bins of Magnitude, colour and size, and for each bin we measure the median value of the parameter. We then select for each bin the galaxies above and below the median value of the environmental property; the median value is referred to as Σ5,m for projected density, which is a function of Mr, g − r and R50. For virial mass we use Mm, and rm for distance to the group centre in units of the virial radius. With this method we obtain samples with similar distributions of Magnitude, colour and size without excluding any galaxy.
The medians in magnitude, colour and size of these samples are also listed in Table 1 and Fig 1 shows the b/a distributions for these samples.
Fig 1 also displays examples of galaxy images that belong to each sample. These galaxies where selected to have b/a values close to the mean of the respective sub-sample. Fig. 2 shows the distributions of γ and for sub-samples of ellipticals. It can be seen in this figure important differences between the resulting distributions, in particular for ellipticals in groups and in the field. set of panels in Fig 1 shows a clear difference between the group and field samples of ellipticals, this is confirmed by the results shown in the right panels in Fig 2 in which we can see that the group galaxies tend to have a higher γ than field ellipticals. That is, the ellipticals in groups are more spherical than field ellipticals. In the case of spirals we do not find any relevant difference between the group and field galaxies. This can be confirmed by the data in Table 2 , in which we can not see any important difference between the shape parameters or dust of those samples. The satellite+field ellipticals shows a difference in γ with the other two samples, but this difference could be due to the difference between group and field ellipticals.
RESULTS
Fig 3 shows the fit best parameters for samples selected by continuous properties that show significant differences between the distributions of γ or . Fig. 1 shows that there is no important difference between the galaxies with Σ5 > Σ5,m and Σ5,m > Σ5 for ellipticals, and shows just a small difference for spirals. For these spirals there is an important difference in the distribution, in which the galaxies in denser environments tend to have a rounder disk than galaxies in less dense environments. This difference is consistent with the results shown in Fig. 2 in which spiral galaxies closer to the centre of their host group tend to have a smaller value of than spirals located further from centre. For ellipticals we do not find any important difference between galaxies in environments with different density (see Table 2 ).
The middle right panel in both sets of panels of Fig. 1 shows that there is no significant difference between galaxies located relatively near to the centre of mass of the group for spirals, and galaxies that are far from the centre, in terms of the virial radius. Fig. 2 shows that spirals do not show a difference in γ, but there is a difference in , where the spirals that are near to the centre of the group tend to have a smaller value of that the other spirals in groups. These results shows that spirals that are relatively near to the centre tend to have a more circular disc. This is consistent with the results using Σ5 and the central-satellites samples. For ellipticals we do not find any relation between shape and the distance to the centre of mass of the group.
In the case of samples separated by virial mass of the group, the shapes of the galaxies do not show any difference between the high and the low mass group samples for spirals or ellipticals. Table 2 show that there is no difference between the shape parameters or the dust extinction of any of these samples.
Central and satellite spirals
Among the 3D shape distributions obtained, we argue that those of central and satellite spirals deserve a further analysis. Fig 4 shows the γ and distributions for these samples, which exhibit no important differences. However, γ distributions suggest that central galaxies tend to be thinner than central spirals. This trend is also present in the satellites+field sample. Summary of these results are also listed in Table 2 .
In order to further test these results, we have performed a similar analysis using the i band (both for the b/a parameter and galaxy magnitudes) which is less affected by seeing (Abazajian et al. 2003) . The results are also given in Fig 4 showing the same trend that those in the r-band distribution.
Since it is expected that events affecting morphology were more frequent and violent in central spirals than in satellites, the shape of central galaxies would, in principle, tend to be more spherical than those of satellites. However, Alatalo et al. (2015) , using galaxies from the ATLAS 3D survey (Cappellari et al. 2011) , have recently found that the ratio between 12 CO(1-0)/ 13 CO(1-0) decrease with the density of the environment (see also Crocker et al. 2012) . In these works it is proposed that the gas is confined to a thinner disc due to the pressure from the intra cluster/group medium so that star formation would also occur in a thinner disc. This fact could explain our observations of central spirals thinner than satellites.
In order to further test this hypothesis, we sub-split the central and satellite spiral samples using parameters related to the stellar age, star formation and the structure of the galaxy (Dn4000, the strength of the break at 4000Å see, g − r colour and concentration in the r band). The Dn4000 and concentration sub-samples were built following the same method that those applied to continuous variables (such as Σ5) and the g−r case was obtained splitting in equal number sub-samples . Fig 5 shows the results obtained and Table 3 list the values of E0, γ and . The results for Dn4000 (Left panels in Fig 5) show no important difference between the γ distributions, but galaxies with a lower Dn4000 values tend to have a lower . This implies that for both central and satellite, galaxies with a younger stellar populations tend to have a more circular disc.
The distributions for the samples divided according g−r (middle panels if Fig 5) show that, for central galaxies, the bluer ones tend to have a more circular disc, for satellites, the redder galaxies show a thinner and less circular disc. In the case of concentration (right panels in Fig 5) in both cases the less concentrated galaxies tend to have a thinner and less circular disc.
The colour results are in good agreement with the hypothesis of Crocker et al. and Alatalo et al., since the redder galaxies are those expected to have suffered stronger confinement by the warm/hot intra-group medium, are those with thinner discs. The redder, older ones are expected to have formed and evolved under this confinement, while the blue ones are expected to have star formation activity postmergers which possibly heated the disc causing higher γ values. We stress the fact that colour may better represent the global age of the galaxy disc since spectroscopic derived parameters contain information of the central bulge of this relatively near-by SDSS galaxy sub-samples. It is important to notice that the results, where the bluer galaxies have a rounder disc, has also been already observed in RP13, where the environment has not been taken into account, suggesting that the difference in values is likely due to intrinsic galaxy properties. Similarly, RP13 found no important differences in γ distributions using colour cuts.
The concentration results, on the other hand, provide suitable predictions, where disc dominated galaxies (those with lower concentration parameters) tend to be thinner than bulge dominated spirals, for both centrals and satellites. We argue that spirals with larger bulges are likely to Figure 4 . Distribution of γ and for spirals separated into central, satellites and satellites+field samples. The upper set of panels contains the distributions calculated using the r band data. The lower set of panels contains the distributions that we obtain using the i band data (do not include the satellite+field sample).
have thicker discs given their possible common origin via mergers of substructures (Quinn et al. 1993; Aguerri et al. 2001) .
CONCLUSIONS
We have extended the analysis of the intrinsic shape of galaxies in RP13 to samples selected by environmental properties (galaxies in groups and field galaxies, central and satellites, near and far from the centre of mass of the group, in different density environments and in groups with different mass) to determine if the environment alone has a role to play in the distribution of galaxy shapes. We find that spiral galaxies in groups are not different in shape than field spirals. However, central spirals contain thinner disc than satellite spirals, and galaxies relatively closer to the centre of mass of the group tend to have a rounder disc than spirals that are farther away. We also found that spirals in environments with a higher projected density also tend to have a rounder disk than galaxies located low density regions.
For elliptical galaxies, we find that group ellipticals are more spherical than field ones, and the same for central ellipticals compared to satellite ellipticals. For samples of ellipticals selected according to the density of the environment, the distance to the centre and the mass of the group, we do not find any important difference.
In conclusion, we find that for ellipticals, their shape in cluster and field environments are different, but when the ellipticals are restricted to groups variations of the environment does not play a major role on their shape. For spirals, on the other hand, the environment has an important influence on their shape, specifically the position of the galaxy within the cluster. The mass of the group itself has no apparent influence.
For ellipticals, the result of more spherical galaxies in groups rather than the field could be explained by the fact that elliptical galaxies in groups are exposed to more events that affect their shapes (mergers, gravitational interactions, etc). These events affect the galaxies mostly isotropically, and lead to more spherical galaxies. Perhaps more difficult to understand is the fact that spiral galaxies in denser environment environments tend to show a thinner and rounder disc. Nevertheless Crocker et al. (2012) , studied the line ratios of molecular gas in galaxies from the ATLAS 3D survey (Cappellari et al. 2011) , and propose that galaxies in environments with higher density tend to suffer high pressure due to the hot intra cluster/group medium, which leads to a gas confined in a thinner disc. This would explain the apparent (but very weak) decreasing relation they found between the ratio of 12 CO(1-0)/ 13 CO(1-0) and the density. This relation was also seen by (Alatalo et al. 2015) , and may cause star formation to also occur in a thinner disc. sity, New York University, Ohio State University, Pennsylvania State University, University of Portsmouth, Princeton University, the Spanish Participation Group, University of Tokyo, University of Utah, Vanderbilt University, University of Virginia, University of Washington and Yale University.
